Abstract-This paper present new combinations of dispatch scheduling for Job Shop Scheduling Problem. The Job Shop Scheduling Problem is one of the NP hard optimization problems, and it is difficult to obtain the exact optimal solution. Scheduling methods based on the dispatch rule are a set of efficient approximate methods. In this paper, by combining several dispatch rules, we have proposed three new rules. The first rule is the rule that combines two simple dispatch rules which are often adopted in actual production systems. The proposed rule gives better result than that of any single dispatch rule. The second rule is the rule that keeps balance of remaining load of all machines. In this rule, the weight is decided in early stage of the schedule. It gives good solutions with high probability. The third rule is the rule that predetermines the mixing ratio, which accompanies a sequence of operations. This rule often gives better results than any other dispatch rules.
I. INTRODUCTION
In recent years, multi-item small-lot-sized production becomes popular since it is possible to meet wide variety of consumer needs and shortened life cycle of goods. A scheduling problem for this type of production system becomes very complex.
Many real scheduling problems are represented as Job Shop Scheduling Problem (JSSP). Because almost all scheduling problems, comprising JSSP, are the NP hard optimization problem, an efficient approximate method is required. The approximate methods are categorized in heuristics and meta-heuristics. Meta-heuristics are methods that search many solutions simultaneously by simple calculation and choose the best one in the solutions. This category includes Genetic-Algorithm and SimulatedAnnealing.
Heuristics depend on experience and expertise like dispatch rules. Since the dispatch rules are based on experience and expertise, some of the dispatch rules are not effective for some problems, i. e., conventionally, there is no dispatch rule that always gives good solution for any problem. Therefore, it is useful to develop a new rule that can be applied to many problems. A survey of dispatch rules is found in [1] .
In this paper, by combining several dispatch rules, we propose a new rule that can give shorter makespan than that of other general dispatch rules for many problems.
II. CONVENTIONAL DISPATCH RULES A. Conventional Dispatch Rules
The below list shows various type of conventional dispatch rules. These rules are widely adopted at many factories .
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B. Dependence of Rules on Properties of Problems
An effectiveness of a dispatch rule tends to depend on characteristics of structure of problems. Although this fact has not been theoretically discussed well in past works, it is generally understood to be possible. In order to develop a new combination of the rules, it is effective to investigate how each dispatch rule depends on properties of the problems.
In numerical simulations, we adopt four dispatch rules for thirteen bench mark problems which are given by the OR-Library [2] . The Various scenario are tested for the problem ftlO using four dispach rules SPT, LPT, MWKR, and LOPN.
There are many conflicting points during scheduling, that is, a second prior job is selected once at a randomly selected stage of scheduling.
The histogram in Fig. 1 shows the number of realizations falling into each ranges of makespans. Results using usual priority are also shown in Table I . From Fig. 1 , the variances of the makespan of SPT and LOPN are small. On the other hand, and MWKR has the large variance. As the result, it is possible to improve the makespan by introducing an other priority attribute in addition to the basic rule.
III. COMBINATION OF RULES A. Proposed Method I
Since a processing sequence of the conventional dispatch schedule is decided by the simple priority rule, there is no general rule for every scheduling problem. Therefore, it is useful to develop a combined rule that gives more flexible and better results to many problems.
In this paper, we propose a novel rule based on a combination of some dispatch rules. From Fig. 1 , we can improve the schedule and the makespan by selecting a job of lower priority in some cases. Combination of some dispatch rules changes criterion of the priority. Therefore, using a combined rule can shorten the makespan, and the combined rule can be applied to many scheduling problems when a proper weight of each rules is selected. We propose 1000 1100 1200 1300 1400
Makespan(h) (2) where dj denotes a due date ofjob j, Ij denotes a remaining processing time of job j, and t is a present time, respectively. Jk denotes a number of remaining jobs of machine k. For machine k, this combination of rules of SPT and SLACK selects a job that has the smallest Skj. We call this rule method I.
A.2 Simulation of Method I
To confirm the effectiveness of the method I, we examined the makespan when parameter h, changes from 0 to 1. Thirteen bench mark problems [2] are adopted for the simulations. Due dates are set for all of these problems.
The simulation results are shown in Fig. 2 and Table II . In Table II , conventional rule means the shortest makespan among the four rules (SPT, LPT, MWKR and LOPN). In Fig. 2 , 5/10, 7/10, 9/10 mean the corresponding lap time of processing. For example, 5/10 is the time when a half of total process is finished. From Table II , the combined rule gives the best result in all problems, when a proper parameter h, is given. Table III shows the best makespan of the combined rule, the mean and the variance of the makespan with the best combination of h1 and h2 at the stage of 3/10 and 5/10. The mark "*" denotes the mean of the makespan is longer than the conventional rule in Table II. From Table III , many problems have the mark "*". It means that it is difficult to decide hi and h2 in the early phase for small scale problems.
B.3 Simulation of Method 11-2 Table IV presents simulation results for large scale problems with 100-job-100-machine. Other conditions are same as the case of the simulation of Method II-1. In this table, data5 to datal6 are problems in which sequence of operations for each job are random. data2l to data30 are problems in which sequence of operations for each job are similar.
From Table IV , while a number of the mark "*" is fewer than Table III, some problems still have the mark, i. e., it is still difficult to decide h1 and h2 in early stage of the schedule. In addition, results of similar sequence problems are worse than results of random sequence problems. Table V shows conventional makespans of same problems. MWKR Table VII and Table VIII present the result of the proposed method III for 10-job-10-machine and 100-job-100-machine problems. In this table, a mark "#" denotes that the makespan of the proposed method III is better than the best among the conventional four rules.
The proposed method III yields better makespans for 12 problems out of 27 problems, i. e., the method is more general than the conventional rules. From the result, it is clear that the proposed method III is effective.
IV. CONCLUSION We have proposed three combined rules. The first rule is the rule that combines two simple dispatch rules which are often adopted in actual production systems. The proposed rule gives better result than that of any single dispatch rule.
The second rule is the rule that keeps balance of remaining load of all machines. In this rule, the weight parameter hl and h2 is decided in early stage of the schedule. It gives good solutions with high probability. The method is effective in the case of large scale problems.
The third rule is the rule that predetermines the weight parameter h1, which accompanies a sequence of operations. This rule often gives better results than any other dispatch rules. Since it is possible to decide the weight parameter h1 before scheduling, method III is simple and
